This paper reviews data from numerous publications focused on the physicochemical parameters and chemical composition of ore-forming fluids from orogenic gold deposits formed during various geological epochs. The paper presents analysis of the distribution of the principal parameters of mineralizing fluids depending on the age of the mineralization. Some parameters of the fluids (their salinity and pressure) at orogenic gold deposits are demonstrated to systematically vary from older (median salinity 6.1 wt.%, median pressure 1680 bar) to younger (median salinity 3.6 wt.%, median pressure 1305 bar) deposits. The detected statistically significant differences between some parameters of mineralizing fluids at orogenic gold deposits are principally new information. The parameters at which mineralization of various age was formed are demonstrated to pertain to different depth levels of similar mineralization-forming systems. The fluid parameters of the most ancient deposits (which are mostly deeply eroded) correspond to the deepest levels of orogenic fluid systems. Hence, the detected differences in the salinity and pressure of the mineralizing fluids at orogenic deposits of different age reflect the vertical zoning of the mineralizing fluid systems.
Introduction
Orogenic gold deposits are one of the world's main groups of gold deposits that provide a source of gold ( [1] , etc.). Deposits of this class are formed in deformed and metamorphosed crustal blocks and terranes, typically in greenschist facies rocks adjacent to major crustal fault zones. Orogenic gold deposits were generated during a time span of more than 3 byr, from the Precambrian throughout the whole Phanerozoic [2] . It is thus interesting to understand how, and how much, the fluid regime (i.e., the physicochemical parameters and chemical composition of mineral-forming fluids) evolved over the Earth's history when these deposits were formed.
To do this, we examined a database [3] that currently contains data compiled from a large quantity of publications on mineral-hosted fluid inclusions. Before these data were entered into the database, we tested them for suitability and reliability. Data on mineral-hosted fluid inclusions from gold deposits have been reported extensively in the economic geology literature during the past four to five decades. This information includes estimates of the composition and P-T parameters of the mineral-forming fluids, but also the age of the ore-forming processes. We analyzed these parameters in the database, as well as associated information on the volatile composition of orogenic gold-forming fluids for which [191] Notes: * In Tables 1-7, deposits printed in bold face have gold reserves of 100 tonnes or more.
Characteristics of the Mineralizing Fluids
This section is devoted to characteristics of the fluid regime under which gold deposits of various age groups were formed, with the deposits discussed from youngest to oldest. For each group of deposits, we report the state of the fluids (homogeneous or heterogeneous), brief characteristics of their phases (H 2 O-salt solution, dense gas), and the principal parameters of the fluid inclusions (homogenization temperatures, salinity, and fluid trapping pressure).
Cenozoic Deposits
Characteristics of mineral-forming fluids are presented in Table 2 and shown in Figures 1-5. The information includes 308 temperature and fluid salinity estimates and 106 pressure estimates. Some of these deposits were produced from homogeneously trapped aqueous-carbonic and generally low-salinity fluids that show no discernible evidence of unmixing (Zhemulang, Mazhala, and Bangbu, China; Muteh, Iran; and Zopkhito, Georgia Republic). However, most of these deposits were formed by heterogeneously trapped fluids, with one end-member being an aqueous-saline solution and the other being a high-density gas mixture dominated by CO 2 . The trapping temperatures for the fluids range from 128 to 424 • C (median 242 • C) and salinities range from 0.0 to 19.6 wt.% NaCl equiv. (median 3.6 wt.% NaCl equiv.) ( Table 8 ). The fluid trapping pressures vary from 150 to 3600 bar (median 1305 bar). The aqueous-only fluid (not related to fluid unmixing) without traces of fluid heterogenization showed lower homogenization temperatures (146-390 • C) and slightly higher salinities (0.5-19.6 wt.% NaCl equiv) than those of the aqueous phase of the heterogeneous fluids (temperature of 128-124 • C, salinity 0.0-14.6 wt.% NaCl equiv).
Mesozoic Deposits
Data for mineral-forming fluids are summarized in Table 3 and portrayed in Figures 1-5. The information of the deposits comprises 1478 temperature and fluid salinity estimates and 440 pressure estimates. Some of these deposits were formed by homogeneously aqueous-carbonic fluid without evidence of unmixing. These include Big Hurrah, Willow Creek, Fairbanks, Table Mountain Ore-forming fluids had temperatures of 80-515 • C (median 260 • C), salinities of 0.0 to 37.5 wt.% NaCl equiv. (median 5.9 wt.% NaCl equiv.), and pressures of 100 to 4000 bar (median 1200 bar) ( Table 8 ). Just like the previous case, the pure aqueous fluids without traces of fluid heterogenization showed lower homogenization temperatures (80-421 • C) and slightly lower salinities (0.02-32.7 wt.% NaCl equiv) than those of the aqueous phase of the heterogeneous fluids (temperature of 92-515 • C, salinity 0.0-37.5 wt.% NaCl equiv). Notes: * salinity of fluid expressed in wt% NaCl equiv.; ** composition of gas phase of fluid inclusions; Number of determinations is shown in parentheses. Notes: * salinity of fluid expressed in wt% NaCl equiv.; ** composition of gas phase of fluid inclusions; Number of determinations is shown in parentheses. 
Paleozoic Deposits
Parameters of fluids that produced orogenic gold deposits are summarized in Table 4 and 
Parameters of fluids that produced orogenic gold deposits are summarized in Table 4 and Table 5 and Figures 1-5 show characteristics of the mineral-forming fluids of orogenic gold deposits. The information of the deposits comprises 181 temperature and fluid salinity estimates and 55 pressure estimates. A few of these deposits were formed in the one-phase fluid field above the appropriate solvi (e.g., Paiol mine, Brazil; and Udereyskoye, Russia). Most of the deposits were formed from fluids trapped in the two-phase field, with H 2 O-and CO 2 -or N 2 -dominant fluid endmembers. Ore-forming fluids for the gold deposits had ranges of temperature of 85-454 • C (median 255 • C), salinity of 0.1-50.0 wt.% NaCl equiv. (median 10.0 wt.% NaCl equiv.), and fluid pressure of 120-3900 bar (median 1200 bar) (Table 8 ). Again, as in the previous case, homogenization temperatures (90-410 • C) and salinities (3.0-33.0 wt.% NaCl equiv) are varied in the narrower ranges than the parameters of the aqueous phase of the heterogeneous fluids (temperature of 85-454 • C, salinity 0.1-50.0 wt.% NaCl equiv). Table 6 and Figures 1-5 show characteristics of the mineral-forming fluids of orogenic gold deposits. The information of the deposits comprises 465 temperature and fluid salinity estimates and 57 pressure estimates. These deposits typically contain fluid inclusions of two types: aqueous fluid of different salinity and homogeneous fluid of high-density gases. The gas inclusions are dominated by either CO 2 or N 2 . Inclusions of the two types not always occur in association with one another, and hence, pressure was evaluated not for all of the deposits. Ore-forming fluids for the gold deposits had ranges of temperature of 48-520 • C (median 252 • C), salinity of 0.5-62.4 wt.% NaCl equiv. (median 7.1 wt.% NaCl equiv.), and fluid pressure of 500-6500 bar (median 2080 bar) ( Table 8 ). 
Meso-and Neoproterozoic Deposits

Paleoproterozoic Deposits
Meso-Neoarchean Deposits
Parameters for the fluids from orogenic gold deposits are summarized in Table 7 and Figures 1-5. A few deposits were produced by trapping of a homogeneous aqueous or gaseous fluid (e.g., Kolar and Hutti, India, and Wiluna, Australia), but most deposits formed by trapping of heterogeneous fluids, with H2O-and CO2-or CH4-dominant fluid endmembers. The ore-forming fluids had a temperature range of 50-462 °C (median 254 °C), salinity of 0.0-49.8 wt.% NaCl equiv. (median 6.1 wt.% NaCl equiv.), and fluid pressure of 330 to 6400 bar (median 1680 bar) ( Table 8) .
It should be noted that, for all time intervals under consideration, the parameters of fluids from which the large gold deposits (>100 tonnes Au) were formed do not differ from the total sample of corresponding time (Table 9 ). 
Parameters for the fluids from orogenic gold deposits are summarized in Table 7 and Figures 1-5 . A few deposits were produced by trapping of a homogeneous aqueous or gaseous fluid (e.g., Kolar and Hutti, India, and Wiluna, Australia), but most deposits formed by trapping of heterogeneous fluids, with H 2 O-and CO 2 -or CH 4 -dominant fluid endmembers. The ore-forming fluids had a temperature range of 50-462 • C (median 254 • C), salinity of 0.0-49.8 wt.% NaCl equiv. (median 6.1 wt.% NaCl equiv.), and fluid pressure of 330 to 6400 bar (median 1680 bar) ( Table 8) .
It should be noted that, for all time intervals under consideration, the parameters of fluids from which the large gold deposits (>100 tonnes Au) were formed do not differ from the total sample of corresponding time (Table 9 ). Notes: * salinity of fluid expressed in wt% NaCl equiv.; ** composition of gas phase of fluid inclusions; Number of determinations is shown in parentheses. Notes: * salinity of fluid expressed in wt% NaCl equiv.; ** composition of gas phase of fluid inclusions; Number of determinations is shown in parentheses. [158] Notes: * salinity of fluid expressed in wt% NaCl equiv.; ** composition of gas phase of fluid inclusions; Number of determinations is shown in parentheses. Notes: * salinity of fluid expressed in wt% NaCl equiv.; ** composition of gas phase of fluid inclusions; Number of determinations is shown in parentheses. Tables 8 and 9 summarize data on fluid parameters of orogenic deposits of different age. The compiled dataset was analyzed using binary temperature-salinity and pressure-temperature diagrams, histograms, and boxplot diagrams. In addition, the Student's t-test was calculated in pairs for salinity and fluid pressure values to compare the average values of independent data samples, since the distribution of fluid parameters did not differ much from the normal distribution. The principal conclusions derived from this analysis are discussed below.
Discussion
The binary plots indicate that the data of all of the discussed deposit-age-groups plot within a single field, with the ranges of the parameters shrinking from older to younger deposits mostly because of progressively narrower ranges of fluid pressure and salinity (Figures 1 and 2) . Some fluid parameters (salinity and pressure) systematically and notably vary depending on the age of the mineralization. At the same time, the homogeneous character of the fields and a single field for all data points of a given set indicate that the data are homogeneous (pertain to a single fluid system). This led us to suggest that most of the analyzed fluid systems belong to a single type: one that produces orogenic gold mineralization. The histograms of the fluid homogenization temperatures (Figure 3) are unimodal, which also indicates that the dataset is homogeneous. They also show that that the temperature range of homogenization temperatures widens from the younger to older deposits.
Fluid salinity (Figure 4 ) are also shows unimodal distribution. The histograms for the Meso-and Neoarchean and Neoproterozoic show a very weak tendency toward bimodality, but the sets of data on these deposits are the smallest, and hence, the bimodality of these diagrams may be explained simply by the scarcity of the data in each of the sets. The salinity range generally widens with increasing age of the fluids, as also do the maximum salinity values. The histograms are skewed, with the maxima occurring in the regions of the minimum salinity values.
The pressure histograms ( Figure 5 ) are generally also skewed unimodal, with maxima within the range of 500-2000 bar. Data on the Precambrian deposits are obviously scarcer than those on Phanerozoic ones. The maximum pressure values generally tend to increase from the younger to older deposits, which widens the range of the pressure values.
The boxplot diagrams provide more information for analysis of the distribution because they display the region in which half of the values plot and the maximum and minimum parameters, outliers, and the median and average values. For the temperature ( Figure 6 ), most of the determined values obviously lie within the range of 200 to 300 • C. The medians, Q25 (first quartile), Q75 (third quartile), and the maximum homogenization temperature values slightly increase from the Cenozoic to Paleozoic. Simultaneously the ranges of the maximum and minimum values widen. No such tendencies were detected for the Precambrian fluids, but the ranges of all of the boundary values are similar. We detected small outliers only for the data on the Mesozoic and Paleozoic, which indicates that the whole dataset is homogeneous. The facts presented above seem to indicate that the orogenic fluid systems are thermostated, perhaps, because of their flow-through character.
The boxplot diagram for the salinity values ( Figure 7) shows that most of these values group in the range of moderate concentrations and do not exceed 18 wt.%. However, the overall range of the concentrations is roughly twice as large, and some outliers correspond to even greater salinity values. It is interesting that the salinity values statistically significantly increase with increasing age of the deposits. This is seen in the monotonous increase in the median values, Q75, the maximum ranges, and the maximum outliers. The overall tendencies are slightly disturbed by data on the Meso-and Neoproterozoic, which define a local maximum, and by data of the Meso-and Neoarchean, which define a local minimum. However, as was mentioned above, these time periods are characterized by the smallest amounts of data. The deviations from the general tendency may be explained simply by the insufficiency of the factual material.
The boxplot diagram for the fluid pressures ( Figure 8) shows that most of the pressure values almost do not vary and group within the range of 500 to 2500 bar. However, comparison of the maximum variation ranges and the maximum outliers shows a general increase in these parameters with increasing age of the deposits. The general tendency is slightly disturbed by data on the Mesoand Neoproterozoic and on the Meso-and Neoarchean, which define a local minimum. However, these time spans are characterized by scarce data (see above). The same conclusion is derived from the analysis of the median pressure values.
The results of the calculation of Student's t-test for comparing the average values of fluid salinity and pressure, performed in pairs for all combinations, showed statistically significant differences between all samples under consideration. Below for an example are the results of an independent-samples Student's t-test for comparison of characteristics of Cenozoic and Paleoproterozoic fluids. The significant difference was revealed between the scores of salinity values for Cenozoic and Paleoproterozoic fluids: mean value M = 4.29 wt.%, standard deviation SD = 0.168 and M = 9.208 wt.%, SD = 0.395, respectively; Student t-test for this pair t(771) = 11.47, and significance p = 0.00000. The obtained t value is significantly higher than the critical value of the Student t-test, which is 1.972, at a significance level of α = 0.05. These results show that the difference in Cenozoic and Paleoproterozoic average salinity values is statistically significant.
An analogous calculation was performed to compare values of pressure of Cenozoic and Paleoproterozoic fluids. The significant difference also was found in the scores of pressure values for Cenozoic and Paleoproterozoic fluids (M = 1380 bar, SD = 77.75) and (M = 2577 bar, SD = 187.50), respectively; t (161) = 5.90, p = 0.00000. The obtained t value, as in the previous case, greatly exceeds the critical value of the Student's t-test, which is equal to 1.975, at a significance level α = 0.05. This proves that the differences in the mean pressures of the Cenozoic and Paleoproterozoic fluids are statistically significant. We did not detect any differences in the parameters of fluids from the large deposits relative to those from the smaller ones (Table 9 ).
In considering information not shown in the diagrams but discussed in literature following three types of fluid can be distinguished: (1) heterogeneous fluid, which is mixture of dense gaseous fluid and liquid aqueous salt fluid; (2) homogeneous aqueous salt fluid; and (3) homogeneous dense gaseous fluid, which can contain variable proportions of CO 2 , CH 4 , and N 2 . The phase composition of the fluids seems to also correlate with the age. The fluids at the young deposits correspond to types (1) and (2), whereas fluids at the Precambrian deposits can be of any of the three type. We did not detect any differences in the parameters of fluids from the large deposits relative to those from the smaller ones (Table 9 ).
In considering information not shown in the diagrams but discussed in literature following three types of fluid can be distinguished: (1) heterogeneous fluid, which is mixture of dense gaseous fluid and liquid aqueous salt fluid; (2) homogeneous aqueous salt fluid; and (3) homogeneous dense gaseous fluid, which can contain variable proportions of CO2, CH4, and N2. The phase composition of the fluids seems to also correlate with the age. The fluids at the young deposits correspond to types (1) and (2), whereas fluids at the Precambrian deposits can be of any of the three type.
Orogenic gold deposits are major exploration targets and global gold producers, and are thus actively studied using various microanalytical techniques. In addition to hundreds of papers on the fluid regime of individuals gold deposits, three significant reviews have been published on fluid inclusion features of orogenic gold deposits worldwide [4, 192, 193] .
A principal conclusion formulated by [192] can be summarized as that orogenic gold deposits are produced from heterogeneous fluids consisting of a high-density gas phase, dominantly CO2, and an aqueous solution with relatively low salt concentrations. This conclusion generally does not contradict our analysis and most of the orogenic gold deposits evaluated here some 20 years later continue to show these features. However, a notable number of the deposits were formed from a homogeneous fluid. Moreover, some orogenic gold deposits were generated from chloride brines (e.g., Gara and Yalea, Mali; Telfer, Australia; Irokinda, Russia). This provides evidence to argue that a heterogeneous ore-forming fluid and a low salinity may not necessarily be inherent to fluids required to form orogenic gold deposits.
Another review [4] is even more extensive, but the principal conclusions remain the same. This review suggests that trapped chlorine brines these are low-temperature fluid inclusions that are not related to the ore-forming process but rather reflect the influx of pore water solutions into the hydrothermal system. Based on our comprehensive review of the existing literature, we argue that fluid inclusions with high-temperature chloride brines documented at some of the deposits (Gara and Yalea, Mali; Telfer, Australia; Irokinda, Russia; etc.) were trapped when the host quartz crystallized simultaneously with the native gold. These more saline ore fluids are also not equally observed in deposits of different ages but appear to be significant only during certain epochs. It is also reasonable to suggest that the ability of fluid at orogenic gold deposits to carry gold only insignificantly depends on the chemical composition of this fluid. Indeed, both chloride and Orogenic gold deposits are major exploration targets and global gold producers, and are thus actively studied using various microanalytical techniques. In addition to hundreds of papers on the fluid regime of individuals gold deposits, three significant reviews have been published on fluid inclusion features of orogenic gold deposits worldwide [4, 192, 193] .
A principal conclusion formulated by [192] can be summarized as that orogenic gold deposits are produced from heterogeneous fluids consisting of a high-density gas phase, dominantly CO 2 , and an aqueous solution with relatively low salt concentrations. This conclusion generally does not contradict our analysis and most of the orogenic gold deposits evaluated here some 20 years later continue to show these features. However, a notable number of the deposits were formed from a homogeneous fluid. Moreover, some orogenic gold deposits were generated from chloride brines (e.g., Gara and Yalea, Mali; Telfer, Australia; Irokinda, Russia). This provides evidence to argue that a heterogeneous ore-forming fluid and a low salinity may not necessarily be inherent to fluids required to form orogenic gold deposits.
Another review [4] is even more extensive, but the principal conclusions remain the same. This review suggests that trapped chlorine brines these are low-temperature fluid inclusions that are not related to the ore-forming process but rather reflect the influx of pore water solutions into the hydrothermal system. Based on our comprehensive review of the existing literature, we argue that fluid inclusions with high-temperature chloride brines documented at some of the deposits (Gara and Yalea, Mali; Telfer, Australia; Irokinda, Russia; etc.) were trapped when the host quartz crystallized simultaneously with the native gold. These more saline ore fluids are also not equally observed in deposits of different ages but appear to be significant only during certain epochs. It is also reasonable to suggest that the ability of fluid at orogenic gold deposits to carry gold only insignificantly depends on the chemical composition of this fluid. Indeed, both chloride and hydrocarbonate (containing CO 2 and CH 4 ) fluids were found in variable proportions (up to the dominance of either the oxidized or the reduced species) at the deposits.
Key-idea idea stressed throughout the third review [193] is that the composition of the inclusions may have changed during the post-mineral history of the mineralization, when the deposits were exhumed. These changes may reflect both post-entrapment modifications of fluid inclusions (e.g., necking, leackage, etc.) or overprinting by of later generations of secondary inclusions during the exhumation. This is an important conclusion, which undoubtedly requires consideration for a meaningful interpretation of fluid inclusion data. However, the more reliable publications on fluid inclusions, to which our review is devoted, soundly demonstrate compiled data reflect the ore-forming process. It is thus reasonable to suggest that the evaluated parameters here do pertain to the origin of the gold ores and not to post-ore processes. The other important conclusion that follows from analysis of the paper by [194] , which reviews both data on fluid inclusions and stable isotopes, is that the orogenic gold ore-forming fluids may have originated from more than one crustal source reservoir.
Our data generally do not contradict earlier reviews [4, 192, 193] and slightly append them. At the same time, the detected statistically significant differences in some parameters of mineralizing fluids at orogenic gold deposits of different age is principally new information, which deserves adequate understanding.
We think that it is hardly probable that similar hydrothermal processes that produced deposits of the same genetic type could principally change through the Earth's history. Analysis of geological descriptions in all of the publications indicates that there were no cardinal differences between the geological structures of orogenic deposits formed at different time. These are commonly vein-or stringer-hosted gold mineralization in sedimentary or metamorphic rocks. The metamorphic rocks are usually metamorphosed to the greenschist or, sometimes (for the Archean deposits) amphibolite facies.
To understand the trends and relations described above, one has to recall that orogenic fluid systems operate within a broad range of depths: from a few to 25 km [1, 2] , and the deposits are now variably exhumed and eroded. This is in good agreement with the current model of orogenic gold deposits ( Figure 9 ) [194] . The depths of erosion of younger deposits are, in general, shallower than those of older deposits, as was demonstrated using extensive information in [195] , a paper aimed to explain why there are no ancient epithermal deposits. Epithermal deposits are formed at shallow depths, whereas orogenic deposits were produced at much greater ones. Because of this, most Cenozoic gold deposits occur at various depths, and only some of them are exposed by erosion in areas of young orogenic processes (for example, in Tibet). The older an orogenic gold deposit, the greater depth of its erosion. Archean deposits in India are eroded to the greatest depths and are the world's deepest orogenic gold deposits ("hypozonal" according to [194] ). Fluid pressures higher than 6 kbar were detected at these deposits [165] . In addition, one shall keep in mind that our statistical analysis of fluid parameters was carried out for fairly long-time spans. The depths of erosion of the deposits of each of the age groups can thus significantly vary and, hence, also affect the scatter of parameters within the groups. Because of this, statistically significant values in the boxplots are not the maximum parameters in the ranges but also outliers. There can be different reasons for the increase in the salinity of fluids at orogenic deposits with depth. It is pertinent to recall that deep crustal high-temperature and high-pressure zones typically host chloride brines as pore waters [196] . This sheds light on why they are recognized in the deeper parts of orogenic gold fluid systems, as is reflected in the occurrence of brine-bearing fluid inclusions in the older gold deposits. At shallower levels, the systems may also undergo input of less mineralized fluids of a different nature. Another possible explanation of the occurrence of high-temperature brines in orogenic fluid systems may be the involvement of magmatic fluids in the mineral-forming processes [153] .
We believe that the aforementioned differences we detected between parameters and composition of mineral-forming fluids at orogenic gold deposits reflect the vertical zoning of the mineralizing fluid systems of orogenic gold deposits. This zoning can remain unidentified or ignored when a single deposit is studied, but it becomes quite obvious when the whole ranges of the parameters of such deposits are studied. This zoning has nevertheless never been mentioned before There can be different reasons for the increase in the salinity of fluids at orogenic deposits with depth. It is pertinent to recall that deep crustal high-temperature and high-pressure zones typically host chloride brines as pore waters [196] . This sheds light on why they are recognized in the deeper parts of orogenic gold fluid systems, as is reflected in the occurrence of brine-bearing fluid inclusions in the older gold deposits. At shallower levels, the systems may also undergo input of less mineralized fluids of a different nature. Another possible explanation of the occurrence of high-temperature brines in orogenic fluid systems may be the involvement of magmatic fluids in the mineral-forming processes [153] .
We believe that the aforementioned differences we detected between parameters and composition of mineral-forming fluids at orogenic gold deposits reflect the vertical zoning of the mineralizing fluid systems of orogenic gold deposits. This zoning can remain unidentified or ignored when a single deposit is studied, but it becomes quite obvious when the whole ranges of the parameters of such deposits are studied. This zoning has nevertheless never been mentioned before with reference to orogenic mineralizing systems and shall be taken into account when these deposits are studied. 
